STUDY QUESTION: Does a short abstinence period of only 2 h yield spermatozoa with better motility characteristics than samples collected after 4-7 days?
Introduction
Assessment of semen characteristics is a cornerstone in the evaluation of men from couples with a fertility problem. To achieve a reliable interpretation of the semen characteristics, men are requested to maintain an ejaculation abstinence period of 2-7 days because semen volume, sperm concentration and total sperm count increases with increasing duration of abstinence up to 4-10 days (Mortimer et al., 1982; Jørgensen et al., 2001 Jørgensen et al., , 2012 , with the most pronounced effect in the first 24 h (Makkar et al., 2001; Levitas et al., 2005; Francavilla et al., 2007) . Despite this, it is debated whether the same recommendation regarding abstinence is optimal for assisted reproductive technology procedures (Makkar et al., 2001; Levitas et al., 2005; Marshburn et al., 2010; Lehavi et al., 2014) . Reduced success of fertility treatment from samples obtained following short abstinence periods have been reported (Frank et al., 1986; Levin et al., 1986; Tonguc et al., 2010) but this has been challenged by studies where an improvements in sperm counts, motility and morphology were observed in ejaculates produced with only a 24 h abstinence period (Makkar et al., 2001; Lehavi et al., 2014) . In line with this, higher pregnancy rates following IUI have been observed with samples obtained after an abstinence period of less than 2 days (Marshburn et al., 2010) . Furthermore, a recent study of ejaculates from men with oligozoospermia detected a paradoxical improvement of sperm motility, as well as sperm concentration, when abstinence periods were as short as 40 min (Bahadur et al., 2015) .
Most studies have assessed semen characteristics by conventional methods where detailed information about sperm motility is limited and often not standardized enough to be comparable between different laboratories (Jørgensen et al., 1997) . This study aimed to characterize the intra-individual differences in semen samples of normozoospermic men, collected after 2 h versus 4-7 days of ejaculation abstinence by using the sperm class analyzer (SCA ® , Barcelona, Spain) computer-aided sperm analysis (CASA) system.
Materials and Methods

Ethical approval
This study was performed at the Dronninglund Fertility Clinic, Aalborg University Hospital, June 2014 to December 2015 under approval by the scientific ethics committee of the North Jutland Region, Denmark (approval number N-20140023).
Study subjects
Male partners from couples who were candidates for in-vitro fertilization or intra-cytoplasmic sperm injection were asked to participate and informed consent was obtained if their pre-treatment screening sample had a sperm concentration ≥15 million/ml, and the men had no medical history of vasectomy, orchitis, unilateral orchiectomy, ejaculatory disorders, diabetes, cardiovascular disease, medically treated psychological illness, or genetic diseases. The final study group included 43 men with mean (±SD) and median (min-max) age of 34.1 (±5.1) and 34 (25-46) years, and BMI of 26.5 (±4.3) and 25.7 (21.6-35.1), respectively.
Delivery of semen samples and initial treatment
Participants were asked to maintain at least 4 days of ejaculation abstinence before sample collection for IVF/ICSI treatment. Semen samples were collected by masturbation in a room close to the laboratory or at home, and maintained or delivered to the laboratory under similar conditions (<37°C). For all samples, motility and concentration were assessed following liquefaction (within 1 h of ejaculation), and an aliquot from the first sample was taken for the treatment. For density-gradient centrifugation, 1 ml of each sample was processed using a discontinuous density gradient (Sydney IVF Sperm Gradient kit; Cook Medical, Bloomington, USA) consisting of 1.5 ml of '80%' gradient gently layered below 1.5 ml of the '40%' gradient in a sterile 15 ml PET falcon™ centrifuge tube (BD Biosciences, Bloomington, USA). The tube was centrifuged at 300g for 20 min, and the supernatant was discarded. The pellet was washed twice with 1.5 ml Sydney IVF Fertilization Medium (Cook Medical, Bloomington, USA) at 300g. After the second wash, 500 μl of Sydney IVF Fertilization Medium was added to the pellet which was used for motility assessments.
Semen analysis
Semen volume was determined by using a graduated pipette. A 2 μl volume of well-mixed semen or density-gradient processed sample was loaded into a Leja 10 (Leja, Netherlands) slide and a minimum of five different fields along the middle length of the slide (containing several hundred spermatozoa) were assessed (in two replicates) for concentration, total sperm count, motility and kinematic parameters by using the Motility/ Concentration module of the SCA ® (version 5.4, Microptic S.L., Barcelona, Spain) according to WHO (WHO, 2010) criteria (Table I) . A Basler Scout A780 camera was used to record images captured via a Nikon E200 microscope (Nikon, Tokyo, Japan) using a 10× objective (positive phase). The assessed fields (video recordings) were edited for any errors with the SCA software. Sperm velocity was classified as rapid (VCL > 25 μm/s), medium (25 < VCL < 5), slow (VCL < 5) or static (VCL = 0 μm/s), and sperm progression was classed as progressive motile (STR > 80%), non-progressive motile (80% > STR > 0%) and immotile (STR = 0%). Progression and velocity values were used to classify the spermatozoa as either fast progressively-motile (A), slow progressivelymotile (B), motile (C) or immotile (D) according to the WHO 1999 (WHO, 1999 classification. The percentage of hyperactivated spermatozoa was assessed from the VCL, LIN and ALH parameters at 50 fps. For comparison, the laboratory's local manual method (Makler chamber, Sefi Medical Instruments Ltd, Haifa, Israel) was also used to assess concentrations (by counting the number of spermatozoa in 10 random squares on the grid of the cover glass according to the manufacturer's instructions) and estimate the percentages of motile spermatozoa classified as progressivelymotile (WHO class A + B), non-progressively motile (WHO class C) or immotile (WHO class D) (WHO, 2010) in two replicates.
Total sperm count (TSC) was calculated as semen volume × sperm concentration, and total motile sperm count (TMSC) was calculated as total sperm count (TSC) × percentage of motile spermatozoa (TMS).
Statistical analysis
Means, medians, standard deviation, 25th and 75th percentiles were used for basic descriptions. Natural logarithmic transformation was used to normalize skewed data for paired t tests used to compare results of consecutive ejaculates from individual men. Semen volumes, sperm concentration, TSC, TMSC and percentage motile sperm were compared by the Wilcoxon matched pairs test. The association between abstinence duration and semen volume was assessed by Spearman's non-parametric correlation. Additionally, Bland and Altman plots, subsequently validated by Passing and Bablok analyses, were used to compare similarities in sperm concentration by using manual and CASA measurement. P-values <0.05 were considered significant. Statistical analyses were performed using MedCalc ® software version 15.8 (MedCalc Software, Ostend, Belgium).
Results
Participants had a mean (SD) and median (min-max) abstinence period of 5.7 (1.2) and 6.0 (4-7) days, respectively. Sperm concentrations and derived percentages of motility groups reported by the SCA were compared against the manual assessment and these demonstrated no systematic error (refer to Supplementary data).
Semen volume, sperm concentration and count
Semen volume correlated positively (Spearman's rho = 0.81, P < 0.0001) with abstinence period, demonstrating lower values in Ejaculate 2 after 2 h (P < 0.0001) than in Ejaculate 1 after 4-7 days of abstinence, with a median (min-max) 2 ml (1.2-4.5) versus 3 ml (2-6), respectively. Sperm concentrations, TSCs and TMSCs were also lower in Ejaculate 2 than in Ejaculate 1 (Table II) . In Ejaculate 2, the percentages of progressively-motile spermatozoa were higher for 33 men (77%) and the percentages of immotile spermatozoa were lower for 31 men (72%) ( Fig. 1 and Table III ). The density-gradient processed semen samples of Ejaculate 2 had significantly higher percentages of progressively-motile spermatozoa in 30 (70%) and lower percentages of immotile spermatozoa in 38 (88%) men. the average percentage of type D was lower in Ejaculate 2 (P < 0.0001) (Table III) . After sperm motility was categorized by SCA, both raw and processed samples had lower counts of all motility types and progression categories in Ejaculate 2 than in Ejaculate 1 (Table IV) .
Velocity
The percentages of rapid velocity and static spermatozoa were respectively higher and lower in Ejaculate 2 than in Ejaculate 1 (Table III) . The processed semen samples showed similar results with a higher percentage of rapid velocity (P < 0.01) and lower static (P < 0.05) spermatozoa in Ejaculate 2 (Table III) . Total counts of all motility groups were lower in Ejaculate 2 than in Ejaculate 1 of both raw and processed samples (Table IV) .
Hyperactivation
In both raw and processed samples, higher percentages of hyperactivated spermatozoa were detected in Ejaculate 2 than in Ejaculate 1 (Table III and Fig. 2 ). For both ejaculates, the percentages of hyperactivated spermatozoa were higher in processed than in the raw samples. The total count of hyperactivated spermatozoa in Ejaculate 1, compared with Ejaculate 1, was lower (P = 0.029) in raw samples of Ejaculate 2 but not in processed samples (Table IV) .
Kinematic parameters
The raw samples contained higher mean velocity values of VCL, VSL and VAP (Fig. 3) and mean progressive swimming path parameters values, LIN, STR and WOB, (Fig. 4) in Ejaculate 2 compared with Ejaculate 1. Average ALH and BCF did not differ between the first and second ejaculates (P = 0.052 and P = 0.09 respectively) (Fig. 4) . All of the velocity parameters (VCL, VSL and VAP) and derived kinematic parameters (LIN, STR, WOB, ALH and BCF) in processed samples demonstrated higher values in Ejaculate 2 than Ejaculate 1, if a 10% significance level was considered. These differences were only significant at the 5% level for average VCL (P < 0.01) and average VAP (P < 0.05). Ejaculate 2 had higher average VCL, VSL, VAP, STR, LIN and WOB values in the rapid velocity group (all, P < 0.01), lower VSL, VAP, LIN and WOB values in the medium velocity group (P < 0.05) and higher VSL, LIN and WOB values in the slow velocity group (P < 0.05) ( Table V) .
Discussion
To our knowledge, no study to date has assessed the effect of a short period of abstinence as low as 2 h on the detailed kinematic parameters and motility characteristics of normozoospermic men. Our study showed that ejaculates obtained after 2 h of abstinence from such men had lower volumes, sperm concentration, total sperm and total motile sperm counts but higher percentages of progressive motile spermatozoa and related kinematic parameters than samples obtained after 4-7 days of abstinence. The lower semen volume, sperm concentration and total sperm count in samples obtained after only 2 h of abstinence is in accordance with findings both among men with sperm concentration above and below 15 million/ml (Makkar et al., 2001; Levitas et al., 2005; Sugiyam et al., 2008) . Only~50% of the spermatozoa in the cauda epididymidis are available for ejaculation (Björndahl et al., 2010) , and thus the reduction in sperm concentration and total sperm count in ejaculates collected after a short abstinence period might be due to the poorly Figure 2 Box-and-Whisker plots demonstrating the percentages of hyperactivated sperm in samples collected after 2 h of abstinence (Ejac. 2) compared to samples collected after 4-7 days of abstinence (Ejac. 1) in raw (left graph) and density gradient processed samples (right graph). The box spans the interquartile range, while the whiskers demonstrate the range (min, max) of the data. The mean and median are respectively marked by the orange square and the horizontal line inside the box. developed sperm reservoir capacity in humans (Sullivan and Mieusset, 2016) and the possibly inadequate time for the spermatozoa to be transferred from the more proximal sections of the epididymis to the cauda and vas deferens (Falcone and Hurd, 2013) .
The reduction of the total number of motile spermatozoa in the raw ejaculates obtained after only 2 h of abstinence was caused by combination of reduced total sperm counts and a not fully compensating increase in percentages of motile spermatozoa. The effect of the abstinence period on sperm motility remains somehow contradictory with studies reporting increased, decreased or no change in motility during abstinence periods from a few hours up to 10 days (Blackwell and Zaneveld, 1992; Pellestor et al., 1994; Lehavi et al., 2014) . Some of these discrepancies may be due to the technical difficulties associated with the classical assessments of sperm motility (Jørgensen et al., 1997; Brazil et al., 2004; Rivera-Montes et al., 2013) , which we tried to overcome by the use of SCA (Dearing et al., 2014; Mortimer et al., 2015) . Thus, we are confident that our results are not due to technical difficulties. The detailed kinematic data provided in this study may be used as interim reference values for the detailed kinematic parameters of normozoospermic samples collected after shorter abstinence periods and for comparison by future studies. Animal studies have shown that sperm from the proximal cauda express the maximum percentage motility (Pérez-Sánchez et al., 1996) and have a greater fertilizing capacity than those from the distal cauda (Moore and Akhondi, 1996) . Modifications to flagellar beating (Sullivan and Mieusset, 2016) and many changes essential for the sperm to achieve motility and fertilizing ability (Tulsiani, 2006; Girouard et al., 2011) occur during epididymal sperm maturation and involve complex interactions between epididymal secretions and spermatozoa (Haidl et al., 1994; Turner, 1995) . The length of the abstinence period could affect the storage and transfer time of the spermatozoa in the epididymis, indirectly influencing complex modifications and interactions, consequently affecting sperm kinematics.
The results of hyperactivated spermatozoa in this study are based on the assessments obtained by the SCA while analyzing other motility parameters in a 10-μm-deep Leja chamber and should therefore be interpreted cautiously. However results of the percentage of hyperactivated sperm in the raw and processed samples of the first ejaculate in this study were very similar to reference values and reports by previous studies using 20 μm deep chambers (Burkman, 1984; Kay and Robertson, 1998; Pregl Breznik et al., 2013) , supporting the suggestion that spermatozoa can maintain their optimal movement by adapting to their physical environment.
A higher percentage of spontaneous and induced hyperactivated sperm has been previously correlated with higher fertilization rates after conventional IVF (Pregl Breznik et al., 2013) . In our study, the ejaculates obtained after the short abstinence period contained higher percentages of spontaneously hyperactivated spermatozoa. This might be due to biochemical changes in the semen through variation in secretions from the epididymis and prostatic gland between first and second ejaculates (Elzanaty et al., 2005) . Furthermore, the density gradient selection process itself may also induce hyperactivation, as we detected higher but similar percentages of hyperactivated spermatozoa in samples obtained after density gradient selection.
Strengths and weaknesses
Most of the previous studies assessing the effect of short abstinence periods have focused on semen samples with low sperm concentrations whereas this study focused on samples within the normozoospermic level, further generalizing the interpretations and implications of these results.
The ideal is that sperm from the first and second ejaculates are collected close to laboratory. However, care was taken to maintain and analyze the collected samples from different sites in a consistent manner within 1 h.
A comparison of results in relation to the accuracy of the SCA against the manual assessment in determining sperm concentrations and derived percentages of motility groups in this study demonstrated no systematic error (see Supplementary data). Furthermore, a newer generation CASA systems with the capability of providing more precise and objective results than previous generations (Mortimer et al., 2015) was used to assess the details of kinematics not possible by using conventional methods.
Conclusion
We detected lower sperm concentration and total sperm counts but higher percentages of high motility spermatozoa in semen samples obtained after 2 h of abstinence compared to samples obtained after a 4-7 day abstinence period. Using samples obtained after a short abstinence period may allow for a simple method to select high quality spermatozoa. This could prove to be an advantage for ART procedures such as conventional IVF or ICSI where a large number of spermatozoa is not required. However, prospective randomized controlled trials are needed to confirm the potential advantage of using a second semen sample in improving fertilization and pregnancy rates in assisted reproduction.
Supplementary data
Supplementary data are available at Human Reproduction online.
